Tomas G6mez Alvarez-Arenas Depto. SS&T Ultrasonicas. C.S.I.C. Serrano 144, 28002 Madrid Spain. Gordon Hayward The Centre for Ultrasonic Engineering, University of Strathclyde, Glasgow U,K.. GI IXW Jagannathan Gomatam (*) Dept. of Mathematics, Glasgow Caledonian University, U.K. G4 OBA Ahstract -Particulate composite materials with variable connectivity are encountered extensively in ultrasonic applications. Examples include a wide range of propagation media, active pierocomposite transduce!-s. matching layers and backing materials. Thc mnn~?er in which mechanical waves propagate i n huch ~naterials depends strongly on particle distribution and dimensions, in addition to volume fraction. In this paper a commercial finite element package IS used to study wave propagation through a realistic model of the complex microstructure of such composites. We also mathematically model a particular class of deterministically generated fractal composites using renormalisation and demonstrate this methodology by examining the propagation of a ~a v r impulse through the Sierpinski Gasket.
INTRODCCTlON
In this papet-we examine the p!-opagation of ultrasonic waves through dispersive composite materials. We stochastically generate realistic microstructure geometries of such materials and then simulate the propagation of an acoustic wave by means 01 a finite element analysis. We then examine, using ;I renormalisation method, this wave propagation i n a fractal structure obtained by a determmistic generation process. Sectional micrographs were taken of a PZ-27-epoxy composite and the digitised images obtained processed so that the geometry of each individual particle was identified and the measured. The cluster size distribution then inputs the geometry and material characteristics into a commmercial finite elementiwave propagation code PZFlex, which models ultrasonic wave propagation in peizoelectric A temporal vibration i s applied
to one boundary (a corner or ittpur node) and the vib~-ation traverses the structure by causing transverse oscillations in a succession of neighbouring nodes (see Figure 2 ). A!"' -- [ 6 ] . The explicit discretisation scheme used here is, U , Figure 2 the propagation of this impulse in the SG is shown at two instants of time.
RENORMALISATION
To solve ( l ) using renormalisation we initially ignore the boundary conditions and then reintroduce it later by means of a suitable matrix tl-ansformation. Given this geometrical framework it is possible 10 derive the following renormalisation rel;ltionship [S] ,
where ci"' is a block diagonal matrix of dimensions N,,+l X N,,,, whose blocks equal 6'". This system of linear equations in G : . ; J will give rise to the renormalisation recursions for the bare (i.e. without boundary conditions) pivotal Green functions.
To reintroduce the boundary conditions (b) Figure 2 .
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we use the matrix transformation,
where G'is the Green function matrix which incorporates the boundary conditions. It is then possible to use ( 2 ) and ( pivotal Green functions at the forced (input) node and the rmuppurr between the input node and the output nodes respectively. Capital letters denote the two pivotal Green functions at generation n + 1 and * denotes the inclusion of boundary conditions. The effective properties of the composite can then be derived from these recursion relationships or specific information on the temporal evolution of a particular node or set of nodes by applying an inverse Laplace transform to obtain, $'(f)=
= Y ' { $ ' ( .~) . f ( s ) / .
In Figure 7 we show the time evolution of the vertical displacement for one of the output nodes for the 7%'' generation Sierpinski Gasket. Essentially the time step Ar must be so drastically reduced to ensure stability that the number of iterations required to realise a propagating wave grows prohibitively large and/or rounding error dominates the solution. To further our understanding of this phenomenon and as a test on the efficacy of the FEM approach a deterministically generated fractal composite structure, the Sierpinski Gasket (SG) was examined using a renormalisation approach applied to the wave equation. The results for the perturbations at the output nodes agree with those obtained numerically using a finite difference approximation to the Laplacian. Of course the renormalisation approach provides explicit details of the wave structure as it traverses the composite. This provides a concrete link between the internal geometry of the structure and the wave profile. This will act as a guide in utilising the wealth of information contained in the waveform emerging from the random composites and an investigation into this inverse problem will be the subject of future investigation
